An application of a bootstrap method for selecting a suitable shrinkage factor for the two-stage shrinkage estimator of a reliability function for the exponential distribution is discussed. The estimator obtained here has higher efficiency as compared to the one where the shrinkage factor is not subjected to bootstrapping.
Introduction
The estimation of the reliability function for an exponential distribution is introduced. The estimation procedure is similar to the two-stage shrinkage estimation procedure discussed by Adke, et al. (1987) for the estimation of the mean of an exponential distribution. A brief background of their procedure is provided; such background is applicable in the case described herein.
In certain studies the experimenter may have some knowledge about the value of a parameter (or has a hypothesis about the value of a parameter). The use of such information in estimation is considered in certain shrinkage estimation methods. For example, Thompson (1968) Waikar, et al. (1984) .
Further, the shrinkage factors considered in Thompson (1968) , Waikar, et al. (1984) and Adke, et al. (1987) are based either on the corresponding test statistics or their respective functions.
The shrinkage estimation of reliability for exponentially distributed life times has also been discussed in Tse and Tso (1996) . However, their method is different from the one that is discussed in this article. In particular, Tse and Tso (1996) do not use the two-stage estimation.
Methodology

Two-Stage Shrinkage Estimator of Reliability
Let T, a r.v. representing the failure time, have an exponential distribution with pdf
then the corresponding reliability function is:
The First Let be the sample mean of the second sample .
Calculate:
and define the estimator of the reliability as First, note that the efficiency of (6) is a function of as k defined above in (4). Further, for given α, the factor k is a function of 1 T , the mean of the first-stage sample, and hence is a random variable. Therefore, the bootstrapping for the first-stage sample 1 1 , 1, 2,....., i T i n = and the corresponding k is considered as follows.
Generating a Set of k's Using Bootstrap Method
First, proceed as in the steps (1)-(4) described above in the methods section. If Ho is not rejected, then the bootstrap method is used as follows for the observed data on T. Select a sample of size on .
Let , 1, 2,....., be the first sample.
Let = .
Then, / is the mean of the first stage sample.
2)
Test the prior knowledge 3)
The rejection region is given by or , Table 1 .
Conclusion
The simulation results show that the estimator of the reliability function based on the mean of the values of the shrinkage factor obtained using the bootstrap procedure is more efficient as compared to the one without such bootstrapping. The same conclusion for the other values of the parameters and the sample sizes 1 2 , n n is applicable. For brevity, the other simulations results are not included here.
This article is demonstrates the use of a bootstrap method for generating a set of shrinkage factors. Using this, a final shrinkage factor can be defined based on these bootstrapped shrinkage factors as appropriate for a given problem. In the above discussion the mean of the set of shrinkage factor values is used, however, other possible selections are the median, the maximum or the minimum of the set of * k 's. In fact, the bootstrapping of the shrinkage factor can be used in many other shrinkage estimator settings where such factor is a function of a sample statistic. 
